epithelial cell lines and early-passage epitheliallike cells proliferate in colostrum-supplemented medium while early-passage fibroblasts do not .
MATERIALS AND METHODS

Source of Milk
Bovine milk was obtained at various times after birth of a calf and provided by Dr. Edward Kingsbury (Department of Veterinary and Animal Sciences, University of Massachusetts, Amherst, Mass .) . The milk was obtained from Holstein and Jersey cows and frozen immediately after milking. In this report, day I colostrum is obtained 8 h after the birth of a calf and day 8 milk is obtained 176 h after birth of the same calf.
Preparation of Milkfor Cell Culture
Frozen samples of milk were thawed and then centrifuged in a RC-5 superspeed Sorvall centrifuge (DuPont Instrument Co ., Sorvall Biomedical Div., Wilmington, Del.) at 12,000 g for 30 min. The fat floating at the top of the centrifuge tube was removed and discarded. Cellular debris and other sediment at the bottom of the centrifuge tube were also discarded. The milk was sterilized by filtration through Nalgene filter units (Nalge Co., Nalgene Labware Div., Rochester, N.Y. ) . The presence in milk of casein micelles and other particles makes it difficult to filter milk at a concentration >10% (vol/vol) . Therefore the milk was diluted into Dulbecco's Modified Eagle's Medium (DMEM, Grand Island Biological Co ., Grand Island, N.Y .) at concentrations of <<-10% (vol/vol), prefiltered with an 0.80-micron filter, and subsequently filtered with an 0.45-Am filter . The sterile milk samples were kept frozen at -20°C, with no apparent loss in activity up to at least 3 mo.
Cell Culture
Madin-Darby canine kidney epithelial cells (MDCK), rabbit kidney epithelial cells (RK13), primary calf kidney cells (CK), and primary bovine embryonic kidney cells (BEK) were purchased from Flow Laboratories (Rockville, Md.). Human skin fibroblasts were prepared by explant culture of human foreskin . Human skin Fbroblasts between passages 10 and 18 were used . Rat embryo Fbroblasts of passage 4 were obtained from Dr. K. Steimer (Harvard Medical School, Boston, Mass .) and prepared as described by Steimer and Boettinger (20) . All cells were grown at 37°C in DMEM containing glucose (4 .5 g/liter), penicillin (50 U/ml), and streptomycin (50 lAg/ml), and supplemented with either calf serum (Colorado Serum Co ., Denver, Colo.) or bovine milk prepared as described above. Both the cells grown in DMEM supplemented with serum and those grown in DMEM supplemented with milk were subcultured with 0.1% (vol/vol) trypsin (Grand Island) and 0.02% (wt/vol) EDTA in phosphatebuffered saline lacking calcium and magnesium.
Cell Proliferation
The following protocol was used to measure cell proliferation. Cells were detached by incubation with 0.1% (vol/vol) trypsin and 0.02% (wt/vol) EDTA made up in phosphate-buffered saline lacking calcium and magnesium. The cells were resuspended in unsupplemented DMEM at a concentration of -l0" cells/ml, and 1 ml of cells was plated into each well of a 24-well microtiter plate (16- 
RESULTS
Cultures of primary bovine embryonic kidney cells (BEK) and primary calfkidney cells (CK) contain both epithelial cells and fibroblasts when grown in DMEM supplemented with serum . The epithelial cells are eventually overgrown by the more rapidly dividing fibroblasts ( Fig . la and lb) . A colony of CK epithelial cells surrounded by CK fibroblasts is clearly seen in Fig. l b . The pattern ofgrowth of mixed kidney cell cultures is different when the growth medium is DMEM supplemented with day 1 colostrum. First, the cell density of BEK and CK cells grown in DMEM supplemented with day 1 colostrum is -10-15% of those grown in DMEM supplemented with serum. Second, the cells that grow in colostrum are cuboidal and resemble epithelial cells; there is apparently no growth of fibroblasts ( Fig. lc and ld) . The shape of the epithelial-like cells changes little when colostrum is replaced by serum . The apparent lack of fibroblast growth in DMEM supplemented with colostrum was verified in experiments with earlypassage human and rat fibroblasts . Sparse cultures of human fibroblasts ( Fig. 2 ) and rat fibroblasts (Table I) were unable to grow in DMEM supplemented with colostrum . However, the sparse cultures did grow readily in DMEM supplemented with serum. The colostrum is not toxic to the fibroblasts ; the growth of these cells resumes when day 1 colostrum is replaced with serum ( Fig . 3) .
The ability of epithelial cells to grow in medium supplemented with colostrum was investigated using MDCK epithelial cells. MDCK is an established canine kidney epithelial cell line that preserves the structure and function of kidney epithelium (13, 18) . The growth of MDCK cells in DMEM supplemented with various concentrations of milk and serum is shown in Fig . 4 . The milk used was either day 1 colostrum or milk obtained 1 wk later (day 8 milk) . The optimal concentration of day 1 colostrum for the growth of MDCK is 2.5% (vol/vol), whereas the optimal concentration of calf serum is 5% (vol/vol) . At (Table II) .
Because MDCK cells grown to confluence in 3 The growth of fibroblasts after replacement of colostrum with serum. Human foreskin fibroblasts were plated and grown in DMEM supplemented with either serum or day I colostrum, as described in Fig. 2 . well-developed desmosomes are seen connecting the two MDCK cells (Fig . 6b) . There is no evidence that growth of MDCK cells in colostrum leads to any adverse effects on epithelial morphology.
DISCUSSION
Bovine milk obtained within 8 h after birth of a calf, i.e., colostrum, can replace serum for the growth of sparse cells in culture. However, colostrum acts selectively in supporting the growth of cells in culture. For example, although epithelial cells proliferate, human, rat, and bovine earlypassage fibroblasts do not. The lack of fibroblast growth is apparently not due to the presence in colostrum of toxic or inhibitory factors. Possibly colostrum contains specific factors necessary for epithelial growth but lacks those needed for fibroblast growth . Fibroblast overgrowth is still a major problem in the culture of uncloned epithelial cells. There have been numerous but inconclusive attempts to solve this problem by the use of selective media that inhibit fibroblast growth . These include media in which L-valine is replaced by D-valine (4), media in which arginine is replaced by citrulline (21) , and media lacking tyrosine (2) proach to overcoming the problem of fibroblast overgrowth . Although colostrum, in the absence of serum, supports the growth of such epithelial cells as the MDCK cell line, milk obtained as early as a week after the birth of a calf is completely inactive. The failure of MDCK cells to proliferate in milk obtained a week after birth or later does not appear to be the result of inhibitors in milk. Recently, we found that MDCK will grow in milk obtained 1 wk after birth, if the milk is supplemented with human transferrin .l In fact, milk supplemented with transferrin is as active as colostrum in stimulating MDCK growth . Sato and his colleagues (6, 8, 12, 19, 22) have demonstrated that the serum requirement for the growth of GH 3 cloned ratpituitary cells, HeLa cells, melanoma cells, MDCK cells, and embryonic carcinoma cells can be replaced by mixtures of hormones, mitogens, and other factors. Transferrin is the only component whose presence is required in each mixture and therefore may be essential to the growth of cells in culture. Transferrin is also found in bovine milk (5) ; perhaps the levels of transferrin decrease as the lactation period proceeds. It is known that the number of cells (15) and the levels of immunoglobulins (14) and lactoferrin (3, 17) decline rapidly in the postpartum period . Colostrum may be ' M. Klagsbrun and R. Packard. Manuscript in preparation .
an exceptionally rich nutrient medium that is fortified with growth factors, hormones, and immunoglobulins. These factors may be highly important for the growth and development of cells and tissue in the newborn during the first few days of life . As the newborn matures, the need for such factors declines. The decline in these factors may be the reason that effective use of milk in cell culture is limited to milk obtained immediately after birth, the colostrum.
I would like to thank Dr . E. Kingsbury, University of Massachusetts, Amherst, Mass ., for kindly providing samples of milk; Dr . D. Ausprunk, Harvard Medical School, Boston, Mass., for kindly providing the electron micrographs; Dr. B. Zetter and Dr . K. Steimer, Harvard Medical School, Boston, Mass., for their insightful comments; and Robert Packard for assistance .
This work was supported by grant ROl-CA21763-02 from the National Cancer Institute.
Receivedfor publication 26 November 1979. 
